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(57) ABSTRACT

In one embodiment, a system and method are provided for
detecting a slip condition between a vehicle tire and a road
surface, processing contemporaneous vehicle data, such as
torque or brake pressure applied, to determine a force of
friction, and calculating a coefficient of friction. The coeffi-
cient of friction and location of the slip are broadcast to other
vehicles driving in the proximity of the slip. The broadcasts
may be utilized to notify drivers of slippery driving conditions
at or ahead of the vehicle, and/or to limit torque and braking
pressure applied to vehicle wheels to enhance traction and
avoid slip.
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TELEMATICS SYSTEM AND METHOD FOR
TRACTION REPORTING AND CONTROL IN
A VEHICLE

FIELD OF THE INVENTION

[0001] The illustrative embodiments relate generally to
vehicle traction control systems and telematics systems pro-
viding communication between multiple vehicles, and
between vehicles and one or more remotely-located data pro-
cessing centers.

BACKGROUND OF THE INVENTION

[0002] U.S. Pat. No. 6,866,349 discloses a vehicle traction
control system having capabilities for braking intervention
and coefficient of friction detection. In order to improve the
lateral stability of the vehicle when cornering on road sur-
faces having a low coefficient of friction, the slip threshold for
the drive wheel on the outside of the curve is reduced inde-
pendently of that of the drive wheel on the inside of the curve
and is set to a lower value than that for the wheel on the inside
of the curve.

[0003] U.S.Pat. No. 6,791,471 discloses a system for wire-
less communication between vehicles that permits position
information about one vehicle to be communicated directly to
another vehicle. Such an information exchange between
vehicles may increase the awareness of an operator of a
vehicle to other vehicles in the surrounding environment.
Vehicles may share through the use of wireless communica-
tions position, direction, speed, or other information, such as
the deployment of safety devices. The vehicle that receives a
wireless communication compares the position, direction,
and speed of incoming information from another vehicle to
the vehicle’s own speed, direction, and position to determine
whether action is required. The action taken by the vehicle
may include providing general or specific warnings to the
operator of the vehicle or, in some cases, taking direct action,
such as turning off cruise control, applying brakes, or deploy-
ing traction control.

[0004] U.S. Pat. No. 6,829,529 discloses a method for pro-
viding traction control when starting off a vehicle on a road
surface having different adhesive friction values between the
right and left sides of the vehicle, the driven low-u wheel
being regulated to a specified setpoint slip pre-control value
by a braking intervention if spinning occurs. In order to
improve driving comfort, the engine speed is adjusted to the
particular standing start conditions.

[0005] U.S. Pat. No. 6,533,367 discloses a method for con-
trolling the traction slip of a vehicle on a roadway with side-
wise different coefficients of friction. The method includes
identifying a driving situation on a roadway with sidewise
different coefficients of friction and, when the driving situa-
tion is identified and traction slip is encountered on both
wheels, decreasing the brake pressure of the driven wheel on
the low coefficient-of-friction side.

[0006] U.S. Pat. No. 5,351,779 discloses an attraction con-
trol system for a vehicle that detects the amount of slip of the
driving wheels of the vehicle relative to the road surface and
controls the engine output with a predetermined control vari-
able so that the amount of slip of the driving wheels converges
on a target value. The control variable for the traction control
is limited when it is determined that the friction coefficient p
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of the road surface is high and the engine speed is not higher
than a predetermined value while the traction control is being
effected.

[0007] U.S. Pat. No. 5,275,474 discloses a wheel slip con-
troller that controls the torque input to the left and right
wheels of an axle so as to strike a balance between the longi-
tudinal forces accelerating (in a traction control system) or
decelerating (in an anti-lock braking system) the vehicle and
the vehicle yaw rate when the vehicle is being operated on a
split-coefficient of friction surface.

SUMMARY OF ILLUSTRATIVE
EMBODIMENTS

[0008] One non-limiting embodiment of the present inven-
tion includes a system for wirelessly requesting a traction
datagram for a vehicle proximity or route. The system of this
embodiment may include a global positioning system within
a vehicle configured to determine a location of the vehicle.
The system also includes a computer processor in communi-
cation with the global positioning system configured to (1)
assemble a request for a traction, (2) process a received trac-
tion datagram to determine whether a low traction condition
exists in the proximity or route of the vehicle, and (3) if a low
traction condition exists in the proximity or route of the
vehicle, limit the torque or brake pressure applied to one or
more wheels of the vehicle to avoid slipping. The system may
additionally or alternatively notify a driver of the vehicle of a
low traction condition with one or more visual, audible or
tactile indicators.

[0009] The system also includes a transceiver configured to
wirelessly transmit the request for traction datagram and
receive the traction datagram from the remote traction infor-
mation processing center.

[0010] A cellular telephone paired with the described sys-
tem may provide data processing and communication func-
tions described herein. The cellular telephone may be wire-
lessly paired with the transceiver. The cellular telephone may
be configured to (1) wirelessly receive the request for a trac-
tion datagram transmitted by the transceiver, (2) transmit the
request for traction datagram to the traction information pro-
cessing center, and (3 ) receive the traction datagram sent from
the traction information processing center, and (4) wirelessly
communicate the traction datagram to the transceiver. The
request for the traction datagram and the traction datagram
may be transmitted over the cellular telephone’s broadband
connection.

[0011] Another non-limiting embodiment of the present
invention includes a vehicle telematics system for wirelessly
broadcasting a slip condition datagram. This system embodi-
ment may include a slip detection circuit to detect a slipping
condition between a wheel of a vehicle and a road surface.
This system embodiment may also include a computer pro-
cessor in communication with the slip detection circuit, the
computer processor configured to (1) assemble a slip data-
gram indicating that a slipping condition has been detected at
the vehicle and (2) cause the slip datagram to be wirelessly
broadcast to make a notice available to one or more other
vehicles in a particular vicinity that a slip condition is present.
This system embodiment may also include a local transceiver
in communication with the computer processor configured to
wirelessly broadcast the slip datagram output by the com-
puter processor.

[0012] The system may additionally include a cellular tele-
phone wirelessly paired with the local transceiver, the cellular
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telephone configured to (1) wirelessly receive the slip data-
gram transmitted by the local transceiver, and (2) transmit the
slip datagram to a slip datagram processing center located
remotely from the broadcasting vehicle. The slip datagram
may be transmitted to the slip datagram processing center
over the cellular telephone’s broadband connection.

[0013] Anembodimentofthe slip datagram includes one or
more of the following items of information: the VIN number
of the broadcasting vehicle, latitude, longitude, a coefficient
of friction, and a temperature.

[0014] The remote slip datagram processing center com-
prises a computer processor and a memory device. The com-
puter processor may be configured to record at least a portion
of the slip datagram. The computer processor at the remote
slip datagram processing center may be configured to broad-
cast a datagram to one or more receiving vehicles including
one or more items of information provided in one or more slip
datagram(s).

[0015] One or more of the receiving vehicles may include a
traction control system. The traction control system may be
configured to limit the torque or braking pressure applied to a
wheel based on information provided in the slip datagram(s).
The torque or brake pressure limit may be determined based
on a coefficient of friction provided in the slip datagram(s).
[0016] Another embodiment of the present invention
includes a method for wirelessly broadcasting road surface
slip conditions among vehicles in proximity with one another.
The method may include detecting a slip condition between a
tire and a road surface at a first vehicle. The method may also
include constructing a notification datagram at the first
vehicle to wirelessly notify vehicles within a vicinity of the
first vehicle. The method may also include wirelessly broad-
casting the notification datagram at the first vehicle to make a
slip condition notification available to one or more other
vehicles within the vicinity of the first vehicle.

[0017] The method may also include estimating a torque or
brake pressure applied to the tire at the time of the slip con-
dition occurred, estimating a coefficient of kinetic friction for
the tire-road interface at the time of the slip condition, and
encoding the coefficient of friction in the notification data-
gram.

[0018] The first vehicle may also be configured to receive a
notification datagram transmitted by a second vehicle. The
drive of the first vehicle may be notified that a slip condition
exists in the proximity of the first vehicle. In response to the
notification datagram, a torque or brake pressure applied to a
wheel of the first vehicle may be limited based on information
contained in the received notification datagram. The data-
gram includes a coefficient of kinetic friction for the tire-road
interface in the vicinity of the first vehicle.

[0019] Other aspects and characteristics of the illustrative
embodiments will become apparent from the following
detailed description of exemplary embodiments, when read in
view of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 illustrates a preferred architecture for a sys-
tem embodiment of the present invention;

[0021] FIG. 2 illustrates the VCCS 102 and other compo-
nents of a system architecture in greater detail;

[0022] FIG. 3 illustrates an example methodology for
vehicle-side friction data collection and processing in accor-
dance with one embodiment of the present invention;
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[0023] FIG. 4 represents example segments of a slip noti-
fication datagram 200 that may be communicated from a
vehicle in accordance with an embodiment of the present
invention;

[0024] FIG. 5 illustrates an example methodology for
implementing aspects and embodiments of the above-de-
scribed telematics system for vehicle traction or stability
control;

[0025] FIG. 6 illustrates an example process for establish-
ing a data connection with the Internet utilizing a broadband
data plan of a locally-paired cellular telephone in accordance
with one embodiment of the present invention; and

[0026] FIG. 7 illustrates an example process for broadband
communication provisioning in accordance with one embodi-
ment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Principles of the Coefficient of Friction

[0027] It is well known that the force of friction is directly
proportional to the applied load (Amontons 1st Law), that the
force of friction is independent of the apparent area of con-
tact. (Amontons 2nd Law), and that kinetic friction is inde-
pendent of sliding velocity (Coulomb’s Law). Coulomb fric-
tion is a model used to calculate the force of friction. It is
governed by the equation:

F/=pk,

where Fis the force exerted by friction, p is the coefficient of
friction, which is an empirical property of the contacting
materials, and F,, is the normal force exerted between the two
contacting surfaces.

[0028] Forsurfaces atrestrelative to each other =i, where
1L, is the coefficient of static friction. This is usually larger than
its kinetic counterpart. The Coulomb friction may take any
value from zero up to F, and the direction of the frictional
force against a surface is opposite to the motion that surface
would experience in the absence of friction. Thus, in the static
case, the frictional force is exactly what it must be in order to
prevent motion between the surfaces; it balances the net force
tending to cause such motion. In this case, rather than pro-
viding an estimate of the actual frictional force, the Coulomb
approximation provides a threshold value for this force,
above which motion would commence.

[0029] For surfaces in relative motion pu=,, where 1, is the
coefficient of kinetic friction. The Coulomb friction is equal
to F; and the frictional force on each surface is exerted in the
direction opposite to its motion relative to the other surface.
[0030] The Coulomb friction calculations are a rule of
thumb describing the approximate outcome of a more com-
plicated physical interaction. In general, the relationship
between normal force and frictional force is not perfectly
exactly linear. However, the Coulomb approximation is an
adequate representation of friction for the analysis of many
physical systems.

[0031] The coefficient of friction is a dimensionless scalar
value which describes the ratio of the force of friction
between two bodies and the force pressing them together. The
coefficient of friction depends on the materials used. For
example, ice on steel has a relatively low coefficient of fric-
tion, while rubber on dry pavement has a higher coefficient of
friction.
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[0032] The coefficient of friction is an empirical measure-
ment. The coefficient of friction between rubber and dry
concrete is approximately 1.0. The static coefficient of fric-
tion between rubber and wet concrete is approximately 0.3.
The kinetic coefficient of friction between rubber and ice is
approximately 0.15.

The Vehicle Computing and Communication System

[0033] FIG. 1 illustrates a system architecture for an
embodiment of the present invention. Vehicle 100a may be
equipped with a vehicle computing and communication sys-
tem (VCCS) 102 described in greater detail below. VCCS
may include a data processor (not shown) in operable com-
munication with a Random Access Memory (RAM) and per-
sistent storage having programming instructions stored
therein for execution by the data processor. Other embodi-
ments of the VCCS are described in greater detail below.

[0034] VCCS 102 may be in communication with trans-
ceiver 104 for local wireless communication of data 112 with
nomadic device 110, such as a cellular telephone located
within the passenger compartment of vehicle 100a. Nomadic
device 110 may be configured, as described in greater detail
below, for wireless communication of data between VCCS
102 and communication tower 116 having connectivity to
telecommunications network 118. Telecommunications net-
work 118 may have operable connectivity with the Internet
120. One or more data processing centers 122 may be pro-
vided which also have connectivity to the Internet 120. As
described in greater detail below, data processing center 122
may be configured for processing data received from one or
more automobiles 100a-1007 in accordance with one or more
embodiments of the present invention. In one embodiment,
the data processing center 122 includes one or more servers or
other computers (not shown) configured to receive, send and
process data, and one or more data storage devices 124.

[0035] VCCS 102 may also be in communication with a
vehicle stability or traction control system, power train sys-
tem or advanced driver assist system 108 for collecting and
processing traction control data, as described in greater detail
below. VCCS 102 may also have access to persistent storage
device 106 for saving and retrieving persistent data. Vehicle
stability or traction control system 108 may include one or
more of a plurality of sensors or condition sensing circuits
126. Condition sensing circuits 126 evaluate sensor data.
VCCS 102 may be configured to estimate vehicle state based
on the sensor data. For example, vehicle velocity and steering
wheel angle may be input to VCCS 102 to generate a vehicle
structure and dynamics model that computes values including
(1) heave displacement, (ii) heave velocity, (iii) yaw rates, (iv)
lateral acceleration, (v) pitch angle, (vi) pitch rate, (vii)
vehicle slip angle, (viii) roll angle, (ix) roll angle, (x) roll rate,
etc. TCS 108 may include a slip sensor or slip sensing circuit
S for determining a slip or spin condition at each wheel, a
torque sensor or torque sensing circuit T for determining a
drive torque applied at a drive wheel, and a brake pressure
sensor or brake pressure sensing circuit BP to determine the
brake pressure applied at a given wheel when the brakes are
applied at that wheel. The hardware and circuitry for deter-
mining wheel slip, and measuring torque and brake pressure
are well within the ordinary skill in the art and are not
repeated here. Embodiments of the present invention may be
practiced in vehicles lacking a vehicle stability or traction
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control system 108 provided that the vehicle is outfitted or
retrofitted with the requisite slip, torque and/or brake pressure
Sensors.

[0036] Other sensors (not shown) may include a tempera-
ture sensor to measure the ambient temperature, and a rain
sensor to detect wet driving conditions. The sensors may be
configured as inputs to the VCCS 102. Connections between
the various modules and system components within the
vehicle 100 are illustrated as direct connections in FIG. 1. In
an alternative embodiment, some or all data communication
between the devices may occur over one or more data com-
munication or multiplex networks located within the vehicle,
such as a Controller Area Network (CAN), a J1850 bus, a
Local Area Network (LAN) or other multiplex bus.

[0037] FIG. 2 illustrates the VCCS 102 and other compo-
nents of a system embodiment in greater detail. A processor 3
controls at least some portion of the operation of the vehicle-
based computing system. Provided within the vehicle, the
processor allows onboard processing of commands and rou-
tines. Further, the processor is connected to both non-persis-
tent 5 and persistent storage 7. In this illustrative embodi-
ment, the non-persistent storage is random access memory
(RAM) and the persistent storage is a hard disk drive (HDD)
or flash memory.

[0038] The processor is also provided with a number of
different inputs allowing the user to interface with the pro-
cessor. In this illustrative embodiment, a microphone 29, an
auxiliary input 25 (for input 33), a USB input 23, a GPS input
24 and a BLUETOOTH input 15 are all provided. An input
selector 51 is also provided, to allow a user to swap between
various inputs. Input to both the microphone and the auxiliary
connector is converted from analog to digital by a converter
27 before being passed to the processor. Outputs to the system
can include, but are not limited to, a visual display 4 and a
speaker 13 or stereo system output. Visual display 4 may be
located within the passenger compartment in the proximity of
one or more vehicle occupants. Visual display 4 may include
a touch sensitive screen permitting tactile interaction with
users. In another illustrative embodiment, user interaction
occurs through, button presses, audible speech and speech
synthesis. One or more speakers 13 are connected to an
amplifier 11 and receive its signal from the processor 3
through a digital-to-analog converter 9. Output can also be
made to a remote BLUETOOTH device such as PND 54 or a
USB device such as vehicle navigation device 60 along the
bi-directional data streams shown at 19 and 21 respectively.
In one illustrative embodiment, the system 1 uses the BLUE-
TOOTH transceiver 15 to communicate 17 with a user’s
nomadic device 53 (e.g., without limitation, cell phone, smart
phone, PDA, etc.). The nomadic device can then be used to
communicate 59 with a network 61 outside the vehicle 31
through, for example, communication 55 with a cellular
tower 57.

[0039] Pairing a nomadic device 53 and the BLUETOOTH
transceiver 15 can be instructed through a button 53 or similar
input, telling the CPU that the onboard BLUETOOTH trans-
ceiver will be paired with a BLUETOOTH transceiver in a
nomadic device.

[0040] Data may be communicated between CPU 3 and
network 61 utilizing, for example, a data-plan, data over
voice, or DTMF tones associated with nomadic device 53.
Alternatively, it may be desirable to include an onboard
modem 63 in order to transfer data between CPU 3 and
network 61 over the voice band. In one illustrative embodi-
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ment, the processor is provided with an operating system
including an API to communicate with modem application
software. The modem application software may access an
embedded module or firmware on the BLUETOOTH trans-
ceiver to complete wireless communication with a remote
BLUETOOTH transceiver (such as that found in a nomadic
device). In another embodiment, nomadic device 53 includes
a modem for voice band or broadband data communication.
In the data-over-voice embodiment, a technique known as
frequency division multiplexing may be implemented when
the owner of the nomadic device can talk over the device
while data is being transferred. At other times, when the
owner is not using the device, the data transfer can use the
whole bandwidth (300 Hz to 3.4 kHz in one example).

[0041] If the user has a data-plan associated with the
nomadic device, it is possible that the data-plan allows for
broad-band transmission and the system could use a much
wider bandwidth (speeding up data transfer). In still another
embodiment, nomadic device 53 is replaced with a cellular
communication device (not shown) that is affixed to vehicle
31.

[0042] In one embodiment, incoming data can be passed
through the nomadic device via a data-over-voice or data-
plan, through the onboard BLUETOOTH transceiver and into
the vehicle’s internal processor 3. In the case of certain tem-
porary data, for example, the data can be stored on the HDD
or other storage media 7 until such time as the data is no
longer needed.

[0043] Additional sources that may interface with the
vehicle include a personal navigation device 54, having, for
example, a USB connection 56 and/or an antenna 58; or a
vehicle navigation device 60, having a USB 62 or other con-
nection, an onboard GPS device 24, or remote navigation
system (not shown) having connectivity to network 61.
[0044] Further, the CPU could be in communication with a
variety of other auxiliary devices 65. These devices can be
connected through a wireless 67 or wired 69 connection.
Also, or alternatively, the CPU could be connected to a
vehicle based wireless router 73, using for example a WiFi 71
transceiver. This could allow the CPU to connect to remote
networks in range of the local router 73.

[0045] Connections between the various modules and sys-
tem components within the vehicle 1 are illustrated as direct
connections in FIG. 2. In an alternative embodiment, some or
all data communication between the devices may occur over
one or more data communication or multiplex networks
located within the vehicle, such as a Controller Area Network
(CAN), a J1850 bus, a Local Area Network (LAN) or other
multiplex bus.

Traction Data Processing and Communication

[0046] FIG. 3 illustrates an example methodology for
vehicle-side traction data processing and communication in
accordance with one embodiment of the present invention.
Traction data processing and communication may occur at
one or more computer processors including but not limited to
the computer processor of the VCCS 102, and the computer
processor of the nomadic device 110. In the event some or all
of' the traction data processing described herein occurs at the
processor of the nomadic device 110, the VCCS 102 may be
configured to communicate pertinent information and com-
mands between the vehicle systems illustrated in FIG. 1 and
the nomadic device 110.
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[0047] Under normal operating conditions, a vehicle
equipped with a traction control system is monitoring traction
status as represented in block 302 to determine whether a slip
condition is present, i.e. whether one of the wheels are slip-
ping under a breaking or driving condition with respect to the
road. This capability and operation of traction vehicle control
systems is old and well known to those of skill in the art and
the details of such systems are not repeated here.

[0048] In the event a slip condition is detected, as repre-
sented in block 304, a determination is made whether the slip
at the wheel was a result of spinning or breaking, as repre-
sented in decision block 320. In one embodiment, this deter-
mination can be made by determining whether the brakes
were being applied at that wheel at the time the slip occurred,
or whether (in the case of a drive wheel) the accelerator was
being applied. Obviously, non-drive wheels cannot slip as a
result of spinning from application of the vehicle accelerator.

[0049] Intheeventthe slip was a result of spinning at a drive
wheel, a calculation is performed to determine the torque of
the slipping wheel(s) at the time of the slip as represented in
block 306. If the slip occurred in a drive wheel due to accel-
eration, i.e. a spinning wheel, atorque may be measured at the
axle or along the drive train to determine the torque that
caused the spin condition. If a vehicle is not equipped with
torque sensing devices, a torque may be calculated based on,
for example, the engine RPM and the vehicle’s torque perfor-
mance curve. These calculations may vary from vehicle to
vehicle depending on the particular engine and transmission
configuration and settings. However, determining torque at a
drive wheel is a well known calculation in the vehicle industry
that is well within the capabilities of a person of ordinary skill
in the art.

[0050] At step 308, a force of friction F,at the time and
location of the slipping wheel is calculated. If the slip
occurred from the result of spinning at a drive wheel, F .may
be calculated or estimated, for example, by dividing the slip
torque by the radius of the wheel according to the following
equation:

Fpt /R,

where Fis the force of friction, T is the torque at the wheel at
the time of slip, and R, is the radius of the wheel, which is a
known constant.

[0051] If the slip occurred due to a breaking condition, a
force of friction F,at the time and location of the slipping
wheel can be calculated/estimated as represented in block
308, for example, based on the breaking pressure and param-
eters of the vehicle breaking system at that wheel. The force
of friction applied at the break at the moment the slipping
began may be used to approximate F,. The frictional force
applied to the brake is a function of i, where 1, is the coef-
ficient of kinetic friction between the brake pad and the brake
disk. Of course, this approximation may not be accurate in a
situation in which the brakes were applied aggressively in a
system lacking a sufficiently high brake pressure monitoring
rate.

[0052] Once the force of friction causing the slipping con-
dition is calculated/estimated, the coefficient of kinetic fric-
tion i, between the slipping wheel and the road surface can be
calculated/estimated, as represented in block 310. 1, may be
calculated by dividing the F,by F,, where F,, is the wheel’s
normal force exerted onto the road surface:

w=F/F,
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F, may be roughly approximated using %4 the vehicle weight
for an ordinary 4-wheel vehicle. F, may be more precisely
determined based on a static measurement of each wheel’s
downward force for the particular vehicle in question.
[0053] The calculated i, may be input to SCS/PTCS 108 as
represented in block 322 to enhance the vehicle’s stability or
traction control system for the slipping wheel, or other
vehicle wheels. For example, if a drive wheel is detected as
slipping in icy conditions, the calculated/estimated i, may be
utilized to limit the torque or breaking pressure applied to
other wheels. Torque applied to a particular wheel may be
limited by applying appropriate brake pressure. If other
wheels have the same or similar F,, as the slipping wheel, 1,
may not need to be calculated because T or F .could serve as
the limiting criteria.

[0054] In an alternative or supplemental embodiment, a
rain sensor may be installed at the vehicle for determining
when the vehicle is being driven in wet conditions. The rain
sensor may also determine the severity of the rain. This infor-
mation may be utilized to calculate or estimate a coefficient of
friction. For example, a look-up table may be provided which
records estimated coefficients of friction for various wet and
dry conditions. The coefficient of friction (slipping) between
rubber and dry asphalt is approximately 0.5-0.8. The coeffi-
cient of friction between rubber and wet asphalt is approxi-
mately 0.25-0.75. The coefficient of friction between rubber
and dry concrete is approximately 0.6-0.85. The coefficient of
friction between rubber and wet concrete is approximately
0.45-0.75.

[0055] In addition to calculating i, for the slip condition,
the location of the vehicle at the time of the slip may be
determined, as represented in block 312. The location may be
determined based on location information provided by a glo-
bal position system (GPS) 314. GPS 314 may be an embed-
ded module in automobile 100a, or an embedded feature of
nomadic device 110. If GPS 314 is a module or feature of
nomadic device 110, a local wireless (e.g. BLUETOOTH)
connection 112 can be established between VCCS 102 and
nomadic device 110 to retrieve the vehicle location informa-
tion from the nomadic device 110.

[0056] Afterp, and the geographical location of the slip are
determined, a datagram may be assembled as represented in
block 316. The datagram may be transmitted to surrounding
vehicles over local a local communication link 112, and/or to
data processing center 122 over communication link 114, as
represented in block 318.

[0057] FIG. 4 represents example segments of a datagram
200 that may be communicated from vehicle 100a to a nearby
vehicle (1005-1007) or data processing center 122 in accor-
dance with a non-limiting embodiment of the present inven-
tion. The header segment 202 may include attributes about the
datagram, such as the total number of bytes, a segment index,
a version indicator, a destination IP address, a date and time,
etc. VIN segment 204 may include the vehicle identification
number (VIN) of the automobile sending the datagram. The
Latitude segment 206 may include the latitude of the vehicle
at the time of slip, as determined by GPS 314. The Longitude
segment 208 may include the longitude of the vehicle at the
time of slip, as determined by GPS 314. In an alternative
embodiment, other location information may be communi-
cated in the datagram, and the latitude/longitude of the
vehicle atthe time of'slip may be calculated/determined at the
data processing center 122. The Friction Coefficient segment
210 may include , calculated/estimated as described above.

Sep. 30, 2010

The Temp segment 212 may include the ambient temperature
at the time of the slip. Error control segment 214 may include
error checking information, such as CRC information, to
confirm that the information transmitted in the datagram 200
is communicated accurately. Other information contained in
the datagram may include a bearing (i.e. a driving direction)
or map/route information including a route to a destination or
a route segment. Of course, the content and configuration of
the datagram may be modified or supplemented to best fit a
particular implementation of an embodiment of the present
invention.

[0058] FIG. 5 illustrates an example and non-limiting
methodology for implementing aspects and embodiments of
the above-described telematics system for vehicle traction or
stability control. In this example, a determination is made at
a vehicle to discover its current location based on information
from GPS 404, as represented in block 402. As described
above, GPS 404 may be embedded in vehicle 100q, or within
nomadic device 110

[0059] Atblock 406, a request datagram is assembled. The
request datagram may include segments and information
described with respect to FIG. 6, but may not include the
friction coefficient segment 210 as the vehicle sending the
datagram may not presently be experiencing a slip condition.
The request datagram may additionally include navigational
information, such as the direction of travel, a route, or a
destination.

[0060] At step 408, the request datagram may be transmit-
ted to the data processing center 122, or to surrounding
vehicles (1005-1007) in the vicinity of the requesting vehicle.
[0061] At the data processing center 122 (or at a nearby
vehicle 1005-1007, as the case may be), a determination is
made as to whether slip condition/traction information
(which may include 1) is available for the location of the
vehicle, or within a radius of the vehicle that transmitted the
request, as represented in decision block 410. Slip condition/
traction information may be available from a variety of dif-
ferent sources, including but not limited to slip reporting
datagrams and weather maps, topological maps, etc. For
example, slip condition/traction information may be esti-
mated based on road conditions known or expected given
particular weather patterns or conditions overhead, ambient
temperatures, road topology (i.e. grade) etc. Significantly,
slip condition/traction information may be available for the
road ahead of a particular vehicle location, not merely the
location of the vehicle itself. Real time weather and road map
information may be combined to estimate slip condition/
traction values for regions, roads or portions thereof. The
response datagram may include traction information (e.g. ;)
for the road ahead of the receiving vehicle.

[0062] Ifinformation is available, some of all of the infor-
mation (which may include ) is transmitted in a response
datagram to the vehicle over connection 114 (or 112) as
represented in block 420.

[0063] Upon receiving the response datagram at the
requesting vehicle, a stability-limited F smay be calculated for
each tire at the specified location or location region based on
the wheel’s known normal force to the ground and the pro-
vided p, for the location or region, as represented in block
412. As described above, this F .may be utilized to calculate a
maximum torque or breaking pressure to avoid slipping
reported in another vehicle in the same vicinity and approxi-
mate time range, as represented in block 414. These values
may be input to the vehicle stability control system to mini-
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mize slipping by breaking or spinning given the road condi-
tions in the region as characterized by the received i, as
represented by block 416.

[0064] In addition, or alternatively, reported friction/slip-
ping conditions may be output within the passenger compart-
ment to notify the driver that slipping conditions may exist in
the location of the automobile, as represented in block 418.
The outputs may vary depending on the implementation. For
example, a slip warning indicator light may illuminate. In
another example, a visual slip severity meter may be provided
giving an observer an indication of relative slip propensity
(e.g., green represents low propensity for slipping conditions,
yellow represents a medium propensity for slipping condi-
tions, and red represents a high propensity for slipping con-
ditions). Accelerator torque applied to the wheels or applied
braking force may also be an input to the calculation of
relative slip propensity. For example, the slip propensity may
increase under aggressive acceleration for the 1, detected at a
particular location or region. In yet another example, a driver
may be provided with haptic feedback at locations such as the
gas pedal, the steering wheel, etc.

[0065] Inanother embodiment, nearby vehicles 10056-1007
may continuously monitor for slip-reporting datagrams being
transmitted by other nearby vehicles 100a over communica-
tion link 112. In addition, slip-reporting datagrams originat-
ing from one vehicle (e.g. 100a) may be repeated by receiving
vehicles (e.g. 1005) to other vehicles (e.g. 1007) that may be
outside the wireless range of the originating vehicle. In this
fashion, slippery road conditions (and possibly the param-
eters such as ) may be quickly communicated and propa-
gated wirelessly and automatically to other vehicles in the
region of the slippery conditions, without the need for inter-
mediate data processing at data processing center 122. In yet
another embodiment, local communication link 112 among
vehicles 100a-100% may be established using one or more
local wireless transceivers in the nomadic device 110. Pref-
erably, whichever transceiver has a stronger connection with
another vehicle in the vicinity of slip conditions is used to
communicate the slip notification datagram.

Broadband Network Access

[0066] FIG. 6 illustrates an exemplary process for estab-
lishing a data connection with Internet 120 utilizing the
broadband data plan of a locally-paired cellular telephone. A
broadband data connection is not required to practice
embodiments of the present invention, however. As explained
above, other techniques may be implemented to obtaining
access to the Internet 120, such as a modem connection for
communicating modulated data over the voice band.

[0067] The transceiver 104 (FIG. 1) detects the presence of
a wireless device 201, such as a BLUETOOTH enabled cel-
Iular phone. In this illustrative embodiment, a pairing has
already been made between the wireless device and the
vehicle-based computing system allowing communication
between the two. If, however, such a pairing is not made, and
is needed, it can be done in a conventional fashion.

[0068] Once the signal is detected and communication is
possible between the vehicle-based computing system and
the wireless device, the system retrieves a BLUETOOTH
profile of the wireless device 203. This may be done by, for
example auditing the device.

[0069] Inresponse to an audit request, the device may send
avariety of information back to the vehicle-based computing
system. This information can include, but is not limited to, a
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hands free profile (HFP), a dial-up networking (DUN) profile,
a personal area network (PAN) profile, a serial port profile, a
fax profile and a file transfer profile (FTP) profile, an
advanced audio distribution profile (A2DP), an audio/video
remote control profile (AVRCP), a basic imaging profile
(BIP), a basic printing profile (BPP), a common ISDN access
profile (CIP), a cordless telephony profile (CTP), a device ID
profile (DID), a general audio/video distribution profile
(GAVDP), a general access profile (GAP), a generic object
exchange profile (GOEP), a hard copy cable replacement
profile (HCRP), a human interface device profile (HID), a
headset profile (HSP), an intercom profile (ICP), a LAN
access profile (LAP), an object push profile (OPP), a phone
book access profile (PBAP), a service discovery application
profile (SDAP), a SIM access profile (SAP, SIM), a synchro-
nization profile (SYNCH), a video distribution profile (VDP),
and a wireless application protocol bearer (WAPB).

[0070] The HFP may beused to allow a hands-free kit (such
as may be installed in an automobile) to communicate with a
BLUETOOTH device. In addition, the HFP can provide use-
ful information about a BLUETOOTH device. For example,
the HFP may provide a “carrier string,” which can provide the
vehicle-based computing system with the name of the carrier
205. The use of the carrier information will be described later
in detail.

[0071] Alternatively, the carrier string may be a NULL
string 207. If the string is NULL, that means that the vehicle
based system may not be able to detect the carrier from the
carrier string provided by the HFP. In this instance, the
vehicle based system may prompt the user to provide the
carrier 209.

[0072] In one illustrative embodiment, such prompting is
done through vehicle speakers in an audible fashion. Alter-
natively, a message could be displayed on a vehicle display
device, such as a navigation display or other display. Any
other suitable method of prompting the user is also possible.
[0073] In response to the prompt, the user will need to
provide the name of the carrier, if known. If the vehicle-based
system is equipped with a microphone and a form of voice-
recognition technology, this input can be done using the
microphone. Alternatively, it could be entered into an inter-
active vehicle display, entered on a remote device and down-
loaded to the vehicle, or provided in any other suitable man-
ner.

[0074] If the carrier is known to the user 215, or if the
carrier is obtainable from a carrier string, the vehicle-based
communication system may proceed to configure a device
connection between the system and the wireless device 213.
If the carrier is unknown to the user 215, the vehicle-based
system may engage in a guess-and-check process to deter-
mine the carrier 217 and/or the user name and password
combination 219.

[0075] After a connection between the device and the
vehicle-based computing system is established, the system
can then use the device to connect to the Internet 211. FIG. 7
shows an illustrative exemplary flow for communication pro-
visioning 213. In this illustrative implementation, the vehicle-
based communication system first determines if a lookup is
needed 301.

[0076] Presently, different carriers (or providers) use dif-
ferent access numbers and different user name/password con-
figurations. While this may be standardized at some point,
presently, if a user wishes to connect to, for example, an
AT&T phone as opposed to a VERIZON phone, a different
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number, user name and password will be needed. Although
the carriers use different numbers and user name/password
combinations, these numbers and combinations are also gen-
erally standardized within a carrier. For example, if connect-
ing to an AT&T or CINGULAR device, the username would
be either wap@cingulargprs.com (for a wireless access point
“WAP” connection) or isp@cingulargprs.com (for an internet
service protocol “ISP” connection). The password in either
caseis “cingularl.” Further, it is the case that the phone either
has no access number (also known as a access point name, or
“APN”), or has an APN specific to all AT&T CINGULAR
phones. Many major providers are similarly standardized
internally.

[0077] It may be the case that there is already an APN
and/or username and password associated with the wireless
device. This could have been from a previous usage of the
device, from user input, or for a variety of other reasons. For
example, the vehicle-based computing system may have pre-
viously looked-up and stored the connection information for
a particular device in a profile associated with the device and
kept in persistent memory. If such information is available
without using a look-up table, the information is retrieved 321
for use.

[0078] On the other hand, a look-up may be necessary. In
this illustrative embodiment, the vehicle-based communica-
tion system is provided with a look-up table containing, for
example, common carriers and the APNs and user name/
password combinations for those common carriers. Also, in
this illustrative embodiment, the system has established a
carrier name (through, for example, a carrier string) and can
use the carrier name to cross reference the look-up table to
find the appropriate information 303. Once the carrier name is
found on the look-up table, the APN and/or user name/pass-
word combination may be determined 305. After either
attempting to retrieve the APN and user name/password com-
bination or attempting to look the information up, the system
checks to see if an APN was found 323. It may be the case that
the carrier information was not available in the look-up table,
or that the stored information was corrupted or otherwise
unavailable. If an APN was found, the system sends the APN
to the wireless device 307 in an attempt to initiate a connec-
tion. If the APN is valid 309, the system can proceed to
entering a user name/password. If the APN is invalid 309 for
some reason, or if the APN was never found, the system can
still attempt to use a guess-and-check method 217 to deter-
mine an appropriate APN.

[0079] Once a valid APN has been sent to the wireless
device, the system checks to see if a user name and password
are known 325. It may be the case that only the APN is
available from the look-up table, or, again, stored information
may be corrupted or unavailable.

[0080] If the user name and password have been deter-
mined or retrieved (or otherwise obtained), the system sends
the user name and password to the device to login to the
device 311.

[0081] Ifthe device rejects the user name and/or password,
or if the user name or password are not known, the system
may attempt to use a guess-and-check method to determine
the user name and/or password 219. If the user name and
password are accepted by the device, the system stores the
APN, user name and password for later use 327. This may
help provide faster access in the future, as the steps of obtain-
ing this information may be expedited by the stored informa-
tion.

Sep. 30, 2010

[0082] The system may then attempt to connect to the Inter-
net (or other network) through the connection with the wire-
less device 211.

[0083] While the invention has been described in connec-
tion with what are presently considered to be the most prac-
tical and preferred embodiments, it is to be understood that
the invention is not to be limited to the disclosed embodi-
ments, but on the contrary, is intended to cover various modi-
fications and equivalent arrangements included within the
spirit and scope of the appended claims.

What is claimed:

1. A vehicle telematics system for wirelessly broadcasting
a slip condition datagram, the system comprising:

a slip detection circuit to detect a slipping condition
between a wheel of a vehicle and a road surface; a
computer processor in communication with the slip
detection circuit, the computer processor configured to
(1) assemble a slip datagram indicating that a slipping
condition has been detected at the vehicle and (2) cause
the slip datagram to be wirelessly broadcast to make a
notice available to one or more other vehicles in a par-
ticular vicinity that a slip condition is present; and

a transceiver in communication with the computer proces-
sor configured to wirelessly broadcast the slip datagram
output by the computer processor.

2. The system of claim 1 additionally comprising a cellular
telephone wirelessly paired with the transceiver, the cellular
telephone configured to (1) wirelessly receive the slip data-
gram transmitted by the transceiver, and (2) transmit the slip
datagram to a slip datagram processing center located
remotely from the broadcasting vehicle.

3. The system of claim 2 wherein the slip datagram
includes one or more items of information selected from a
group consisting of: the VIN number of the broadcasting
vehicle, latitude, longitude, a coefficient of friction, and a
temperature.

4. The system of claim 2 wherein the slip datagram is
transmitted over the cellular telephone’s broadband connec-
tion.

5. The system of claim 2 wherein the remote slip datagram
processing center comprises a computer processor and a
memory device, and wherein the computer processor is con-
figured to record at least a portion of the slip datagram.

6. The system of claim 5 wherein the computer processor at
the remote slip datagram processing center is configured to
broadcast a datagram to one or more receiving vehicles
including traction information.

7. The system of claim 6 wherein one or more of the
receiving vehicles includes a traction control system, and
wherein the traction control system is configured to limit the
torque or braking pressure applied to a wheel based on the
traction information provided in the slip datagram(s).

8. The system of claim 7 wherein the torque or brake
pressure limit is determined based on a coefficient of friction
provided in the slip datagram(s).

9. A vehicle telematics system for wirelessly requesting a
traction datagram, the system comprising:

a global positioning system within a vehicle configured to
determine a location of the vehicle;

a computer processor in communication with the global

positioning system, the computer processor configured
to (1) assemble a request for a traction datagram, (2)
process a received traction datagram to determine a trac-
tion condition in the proximity or route of the vehicle,
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and (3) if a low-traction condition exists in the proximity
of'the vehicle, limit the torque or brake pressure applied
to one or more wheels of the to avoid slipping; and

a transceiver configured to wirelessly transmit the request

for traction datagram and receive the traction datagram.

10. The system of claim 9 additionally comprising an out-
put configured to notify a driver of the vehicle that a low
traction condition exists in the route or proximity of the
vehicle.

11. The system of claim 9 additionally comprising a cellu-
lar telephone wirelessly paired with the transceiver, the cel-
Iular telephone configured to (1) wirelessly receive the
request for traction datagram transmitted by the transceiver,
(2) transmit the request for traction datagram to a traction
information processing center, and (3) receive the traction
datagram sent from the traction information processing cen-
ter, and (4) wirelessly communicate the traction datagram to
the transceiver.

12. The system of claim 11 wherein the request for the
traction datagram and the traction datagram are transmitted
over the cellular telephone’s broadband connection.

13. The system of claim 11 wherein the traction datagram
includes a traction value estimated based on one or more
criteria from the group consisting of a coefficient of friction
for the location or route of the vehicle, present or past weather
conditions for the route or location of the vehicle, topological
data for the route or location of the vehicle, and temperature.

14. The system of claim 9 wherein the traction datagram
includes one or more items of information selected from a
group consisting of: latitude, longitude, a coefficient of fric-
tion, and a temperature.

15. The system of claim 9 wherein the torque or brake
pressure limit is determined based on a coefficient of friction
provided in the traction datagram(s).
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16. A method for wirelessly broadcasting traction condi-
tions among vehicles in proximity with one another, the
method comprising:

detecting a slip condition between a tire and a road surface

at a first vehicle;

constructing a notification datagram at the first vehicle to

wirelessly notify vehicles within a vicinity of the first
vehicle; and

wirelessly broadcasting the notification datagram at the

first vehicle to make a slip condition notification avail-
able to one or more other vehicles within the vicinity of
the first vehicle.

17. The method of claim 16 additionally comprising esti-
mating a torque or brake pressure applied to the tire at the time
of the slip condition occurred.

18. The method of claim 17 additionally comprising esti-
mating a coefficient of kinetic friction for the tire-road inter-
face at the time of the slip condition.

19. The method of claim 18 additionally comprising
encoding the coefficient of friction in the notification data-
gram.

20. The method of claim 16 additionally comprising
receiving a notification datagram transmitted by a second
vehicle.

21. The method of claim 20 additionally comprising noti-
fying a driver of the first vehicle that a slip condition exists in
the vicinity or route of the first vehicle.

22. The method of claim 20 additionally comprising lim-
iting a torque or brake pressure applied to a wheel of the first
vehicle based on information contained in the received noti-
fication datagram.

23. The method of claim 22 wherein the datagram includes
a coefficient ofkinetic friction for the tire-road interface in the
vicinity of the first vehicle.
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